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Abstract. A metal-cap wedge shape hybrid plasmonic waveguide (WSHPW) has been investigated, for the nano-scale light 

confinement and long propagation range, in order to analyze the optical properties, such as propagation length, normalized effective 

mode area, etc., of the fundamental hybrid mode at the wavelength of 1550 𝑛𝑚. Due to the wedge shape structure of high-index 

region (AlGaAs), the energy is mostly confined at the top of it, inside the low-index region. This results in significant improvement 

in the propagation length. The modal analysis has been done, using the finite element method, by varying the width of waveguide, 

wedge angle, permittivity of high- and low-index regions, and heights of metal, high- and low-index regions. The analysis has been 

further extended for different metal, such as Silver (Ag), Gold (Au) and Aluminum (Al). From the simulation results, it has been 

established that the propagation length (𝐿𝑝) >  490 𝜇𝑚, can be achieved for the fundamental mode propagation. Further, the 

investigations on coupling length (𝐿𝑐) between the two parallel WSHPWs have been done, which has been achieved as small as 6.10 𝜇𝑚, for the waveguide separation of 100 𝑛𝑚, and waveguide width of 50 𝑛𝑚. 

Keywords: Surface plasmon polaritons. Photonic integration circuits. Hybrid plasmonic waveguide. Propagation length. Coupling 

length. 

I. Introduction 

For the development of nano-scale optical devices/applications, the optical waveguide is an essential component for 

its design and practical implementations. In order to achieve the dense photonic integrated circuits (PICs), the optical 

power loss and guiding the light beyond the diffraction limit, are the main issues. Broadly, the optical waveguides can 

be categorized in two groups, i.e., conventional/dielectric, and plasmonic waveguides. The optical power loss in the 

dielectric waveguides is almost negligible, however, it suffers from the diffraction limit [1-4]. Due to diffraction limit, 

the electromagnetic wave cannot propagate in the waveguide structure, having dimension <  
𝜆2𝑛 , where, 𝑛 and 𝜆 are 

refractive index of core region and working wavelength of waveguide, respectively [5-7].  Therefore, it is a major 

issue in order to realize the miniaturized optical waveguide and devices. Moreover, the issue of diffraction limit can 

be solved by using the approach of surface plasmon polaritons (SPPs), supported by the plasmonic waveguides (PWs) 

[8, 9]. This waveguide can provide the subwavelength light confinement; however, it is suffering from the large 

propagation loss, due the presence of metal [10, 11]. Nevertheless, the issues of large propagation loss and diffraction 

limit can be resolved by another wave-guiding mechanism, known as hybrid plasmonic waveguide (HPW), which 

essentially combines the mechanisms of dielectric and plasmonic waveguides [12-16]. Different types of the HPWs 

have been reported in literature [9, 17-21]. Further, the silicon-on-insulator (SOI) based HPWs and optical devices are 

suffering from monolithic integration with active optical devices at optical communication wavelengths. Whereas, the 

materials such as, Polytetrafluoroethylene (PTFE), Aluminum Gallium Arsenide (AlGaAs), etc. are the promising 

materials, capable for the monolithic integration with active optical devices [17, 18]. In this paper, the properties of 

fundamental hybrid mode of WSHPW have been investigated using the finite element method (FEM). The different 

dimensions of WSHPW have been varied, in order to achieve the significant propagation length with suitable 

normalized effective mode area. Further, the optical performance of the fundamental hybrid mode of WSHPW has 

been investigated by varying the angle of the wedge shape. Due to SPPs, the light has been confined in the smaller 

contact area inside the low-index region, i.e., between the top of the high-index region (AlGaAs) and metal (Ag) [12, 

21].  

This paper is arranged as follow. Section II describes the cross sectional view of the metal-cap WSHPW structure.  

The modal analysis and simulation results have been presented in section III, which is followed by brief discussions 

and comparison in section IV. Finally, the work has been concluded in section V.       
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II. Model Description 

The cross-sectional view of WSHPW has been illustrated in Fig. 1, where, the metal is placed at top of the wedge 

shape ridge waveguide structure. The low-index region is separated by metal region and wedge shape high-index 

region. The materials, AlGaAs and PTFE have been used as high- and low-index regions, respectively. The values of 

relative permittivity of AlGaAs, and PTFE are, respectively, 12, and 1.7 [18, 27]. The material, AlGaAs has large 

nonlinear coefficients and negligible nonlinear absorption at the wavelength of 1550 𝑛𝑚. It is also beneficial for the 

design and implementation of the nonlinear optical devices. Further, the value of the permittivity of metal (Ag) can 

be calculated using the Drude Model [22, 28], which can be defined as,         𝜀 = 𝜀∞ − 𝑤𝑝2𝑤2 + 𝑗𝑤𝛿                                                                                       (1) 

where, 𝜀∞(= 3.7), 𝑤𝑝(= 1.3946 × 1016 𝑟𝑎𝑑/𝑠), and 𝛿  (= 2.7438  × 1013 𝑠−1)  are dielectric constant at infinite 

angular frequency, the bulk plasma frequency, and the damping frequency for silver working at the wavelength of 

1550 nm, respectively. Hence, the relative permittivity of metal (Ag) can be obtained as, 𝜀𝑟 =  −129 + 3.3𝑖 at 1550 

nm [9, 12, 28]. The angle of the wedge has been considered as 𝛼. The height of gap (i.e., low index region) between 

high-index and metal regions, and same for the high index region have been considered as ℎ𝑔 and ℎ𝑡, respectively; 

whereas, ℎ𝑡𝑟 and 𝑤 are the height of wedge shape high-index region and the width of waveguide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Cross-sectional view of metal-cap wedge shape hybrid plasmonic waveguide 

III. Mode Analysis and Parameter Studies 

In the present work, the analysis of properties of fundamental hybrid mode of WSHPW have been investigated using 

the finite element method (FEM) based 2-D simulator of COMSOL Multiphysics. First, the electric field distributions 

and its corresponding field profiles, in y-axis direction, have been analyzed and shown respectively in Figs. 2a and 

2b, for the waveguide dimensions of ℎ 𝑡𝑟 + ℎ 𝑡  =  300 𝑛𝑚, ℎ𝑚 =  100 𝑛𝑚, ℎ𝑔 = 20 𝑛𝑚,  and 𝑤 = 200 𝑛𝑚. The 

efficient design a nano-scale optical waveguides is mainly reliant on two parameters, i.e., propagation length (𝐿𝑃), and 

normalized effective area mode (𝐴𝑒𝑓𝑓/𝐴0) of the HPWs.  The propagation length of the WSHPW can be defined as 

the distance over which the amplitude of the energy attenuates to 1/𝑒 of its input value, and it can be estimated as [23, 

24], 𝐿𝑝 = 12 × 𝐼𝑚{β}                                                                                                  (2) 
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where,  𝛽 (=  η𝑒𝑓𝑓 × 𝑘𝑜) is the propagation constant, 𝑘𝑜 (= 2𝜋𝜆 ) is the wave vector in vacuum, and η𝑒𝑓𝑓 is the effective 

mode index. Furthermore, the effective mode area is an essential parameter for the estimation of the light confinement 

in the subwavelength region, and it can be estimated as [12, 25],  𝐴𝑒𝑓𝑓 = 1𝑀𝑎𝑥{𝑊(𝑟)} ∫ 𝑊(𝑟)𝑑𝐴 
𝐴∞                                                                         (3) 

where, 𝑊(𝑟) is the energy density and can be expressed as, 

   𝑊(𝑟) = 12 𝑅𝑒 {𝑑[𝜔ε(𝑟)]𝑑𝜔 } |𝐸(𝑟)|2 + 12 µ𝑂 |𝐻(𝑟)|2                                                        (4) 

where, 𝐻(𝑟), and 𝐸(𝑟) are the magnetic, and electric field intensity, respectively. Further, the ratio, 𝐴𝑒𝑓𝑓/𝐴0, can be 

defined as the normalized effective mode area of the WSHPW. Here, 𝐴𝑜 (= 𝜆2/4), is the diffraction limited area in 

free space. 

     
                                   (a)                                                                                                             (b) 

Fig. 2 a Electric field distributions b their corresponding electric field profile, in y-axis direction, for WSHPW with ℎ𝑡𝑟 + ℎ𝑡  =300 𝑛𝑚, ℎ𝑔 = 20 𝑛𝑚,  ℎ𝑚 = 100 𝑛𝑚, and 𝑤 = 200 𝑛𝑚 

A. Effect of Height of Metal on the Propagation Length 

 
Fig. 3 Comparison of propagation length between the current work and Ref. [12], for h𝑡𝑟 + h𝑡 = 300 𝑛𝑚, 𝑤 =  200 𝑛𝑚 

 

In this subsection, the impact of metal height on propagation length has been investigated by varying the value of ℎ𝑚 

from 50 𝑛𝑚 to 300 𝑛𝑚; while, 𝑤, 𝛼, and h𝑡𝑟 + h𝑡 have been kept fixed as 200 𝑛𝑚, 600, and 300 𝑛𝑚, respectively, 

for two different gaps, i.e., h𝑔 = 20 𝑛𝑚, 𝑎𝑛𝑑 5 𝑛𝑚. The propagation length of the WSHPW is first increases with the 

increase in the values of ℎ𝑚, and then it saturates after ℎ𝑚 >  175 nm, as depicted in Fig. 3 for both the considered 

gaps. Further, the obtained results have been compared with the work presented in [12] and from Fig. 3, it is clear that 

the variations in propagation length is following the similar trend as that of [12]. However, for larger metal heights (> 

150 nm), the improvement in propagation lengths have been observed for h𝑔 = 20 𝑛𝑚. Moreover, to achieve the 
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miniaturization of the waveguide dimension and considering both the gaps; the height of metal has been considered 

as 100 𝑛𝑚 for the subsequent analysis.     

B. Effect of Width of the WSHPW on Fundamental Mode Profile 

In this subsection, the impact of waveguide width on the fundamental mode profile in WSHPW has been investigated 

by varying of the waveguide width from 50 𝑛𝑚 to 500 𝑛𝑚, for both the considered gaps. Here, the value of h𝑚, h𝑡𝑟 +h𝑡, and α have been fixed respectively as, 100 𝑛𝑚, 300 𝑛𝑚 and 450. From Fig. 4a, it can be observed that the real 

part of the effective index (Re(η𝑒𝑓𝑓)) is first increases with the increase in waveguide width and after 𝑤 > 350 𝑛𝑚, 
it gets saturated. Further, the propagation length of the current waveguide is increasing with the increase in waveguide 

width, as depicted in Fig. 4b. It is also indicating that the propagation length is larger for the larger gap. This is mainly 

due to the fact that the impact of conventional plasmonic structure (due to Ag-AlGaAs) is more on the HPW. 

Moreover, from Fig. 4b, it can be recognized that the obtained propagation length is decently more than that reported 

in [12]. For example, 𝐿𝑃 has been achieved around ~140 𝜇𝑚, and ~101 𝜇𝑚 at h𝑔 = 20 𝑛𝑚, and 5 𝑛𝑚, respectively, 

for 𝑤 = 500 𝑛𝑚, which have been depicted respectively as ~129 𝜇𝑚 and ~87 𝜇𝑚, in [12] . However, Fig. 4c 

illustrates the variations in the normalized effective mode area (𝐴𝑒𝑓𝑓/𝐴0) with respect to the waveguide width, which 

are comparable to that reported in [12].  

 

   
(a)                                                                                          (b)              

        
                                                (c)    

Fig. 4 Comparison of a Real part of effective index b Propagation length c Normalized effective mode area, between the current 

work and Ref. [12], with respect to waveguide width 

 

Furthermore, Fig. 5 presents the impact of waveguide width on the fundamental mode profile of WSHPW, for two 

different considered gaps and wedge angles (i.e., 𝛼 =  45𝑜, and 𝛼 =  20𝑜). Here, the value of h𝑚, and h𝑡𝑟 + h𝑡 have 

been fixed at 100 𝑛𝑚, 300 𝑛𝑚, respectively. From the Fig. 5a, it is clear that the propagation length of the current 

waveguide is increasing with the increase in waveguide width. For example, the values of 𝐿𝑃   have been achieved as 
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~ 140 𝜇𝑚, ~ 101 𝜇𝑚, ~ 150 𝜇𝑚, and ~ 95 𝜇𝑚, respectively at 𝛼 =  45𝑜 and ℎ𝑔 = 20 𝑛𝑚, 𝛼 =  45𝑜 and ℎ𝑔 =5 𝑛𝑚, 𝛼 =  20𝑜 and ℎ𝑔 = 20 𝑛𝑚, and 𝛼 =  20𝑜 and ℎ𝑔 = 5 𝑛𝑚, for 𝑤 =  500 𝑛𝑚. Further, as depicted in Fig. 5b, 𝐴𝑒𝑓𝑓/𝐴0 is increasing with the increase in waveguide width and for a fixed gap value, the lower wedge angle leads to 

higher normalized effective mode area. This is mainly due to fact that with the decreasing wedge angle, the impact of 

wedge shape is decreasing, i.e., the light confining area, between the metal and high index region, is increasing [12, 

21]. 

 

   
(a)                                                                                               (b) 

Fig. 5 Comparison of a Propagation length b Normalized effective mode area, with respect to waveguide width  

C. Effect of Wedge Angle on the Propagation Length 

In this subsection, the value of 𝑤, ℎ𝑚, and ℎ𝑡𝑟 + ℎ𝑡 have been fixed respectively as, 200 𝑛𝑚, 100 𝑛𝑚 and 300 𝑛𝑚; 

whereas, the wedge angle (α) has been varied from 50 to 600, for h𝑔 = 20 𝑛𝑚, and 5  𝑛𝑚, to investigate the impact 

of wedge angle on the propagation length. As shown in Figs. 6a, and b, the propagation length of the current waveguide 

is increasing with the increase in wedge angle, respectively for h𝑔 = 20 𝑛𝑚, and 5 𝑛𝑚. The figure also indicates that 

for the larger waveguide width, the propagation length is larger. Further, for both the considered values of h𝑔, the 

obtained values of propagation length in the current work, are quite better than that reported in [12]. 

    
(a)                                                                                            (b)                                                                        

Fig. 6 Variations in Propagation length for a h𝑔 = 20 𝑛𝑚 b h𝑔 = 5 𝑛𝑚, with respect to the wedge angle and its comparison with 

[12] 

 

D. Effect of Height of High Index (AlGaAs) Region on the Fundamental Mode Profile 

Here, the investigations of fundamental mode profile in WSHPW have been done by varying of the height of high 

index region (h𝑡). Further, the value of h𝑚,  𝑤, and h𝑡𝑟 have been fixed respectively at 100 𝑛𝑚, 200 𝑛𝑚, and 
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100 𝑛𝑚, with α = 45𝑜. From the analysis, it is clear that the propagation length of the current waveguide is increasing 

with the increasing h𝑡 , as depicted in Fig. 7a. The figure also shows that for the larger h𝑔, the propagation length is 

larger. This is mainly due to the larger impact of conventional plasmonic nature (due to Ag-AlGaAs) in HPW. From 

Fig. 7a, it can be observed that the propagation length achieved is quite larger than that reported in [12]. For example, 𝐿𝑃   has been achieved around 338 𝜇𝑚 at h𝑔 = 20 𝑛𝑚, and ht  = 350 nm; whereas, it has been reported as 218 𝜇𝑚 

at the same waveguide dimension in [12]. However, the obtained normalized effective mode area (𝐴𝑒𝑓𝑓/𝐴0) is a bit 

more than that reported value in [12], for ht  > 300 nm, depicted in Fig 7b, which indicates that slightly more energy 

is confined at the top of the AlGaAs.  

   

(a)                                                                                                             (b) 

Fig. 7 Variations in a Propagation length b Normalized Effective mode area with respect to 𝒉𝒕 and its comparison with [12] 

 

E. Effect of Different Metal on the Fundamental Mode Profile of the WSHPW 

 

  
(a)                                                                                                          (b) 

Fig. 8 Comparison of a Propagation length b Normalized effective mode area for different metals (i.e., Ag, Au, Al) 
 

This subsection presents the investigations of fundamental mode profiles in WSHPW, by varying the waveguide width 

for different considered metals, such as Silver (Ag), Gold (Au) and Aluminum (Al). For the analysis, the value of h𝑚, 𝑤, h𝑡𝑟 + h𝑡 , h𝑔,  and α have been considered respectively as, 100 𝑛𝑚, 200 𝑛𝑚, 300 𝑛𝑚, 20 𝑛𝑚, and 45𝑜. The 

relative permittivity of Au  and Al are respectively, ɛ𝑟 = −115 + 11.259𝑖, and ɛ𝑟 = −242.68 +  49.433𝑖, at 1550 

nm [26].  From Fig. 8a, it can be observed that propagation length increases with the increasing waveguide width. 

However, out of the three considered metals, Ag shows the highest propagation length, as compared to other metals, 

i.e., Au and Al. Further, Fig. 8b illustrates that the normalized effective mode area is increasing with the increase in 

waveguide width and the metal, Al, provides the highest value of 𝐴𝑒𝑓𝑓/𝐴0, among the three considered metals; 
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whereas, it have been observed Ag and Au provides the smallest value of 𝐴𝑒𝑓𝑓/𝐴0 hs been achieved. Hence to 

designing the nano-scale optical devices Ag is more prefer  due to large 𝐿𝑝 and smaller 𝐴𝑒𝑓𝑓/𝐴0. 

F. Effect of Permittivity of High-Index and Low-Index Regions on the Fundamental Mode 

Profile of the WSHPW 

In this subsection, the impact of change in permittivity of high-index region, on fundamental mode profile has been 

investigated in terms of propagation length and normalized effective mode area. The permittivity of high index region 

has been varied from 10 to 14.5 and the values of h𝑚,  h𝑡𝑟 + h𝑡, h𝑔, and α have been fixed at 100 𝑛𝑚, 300 𝑛𝑚, 20 𝑛𝑚, 

and 45𝑜, respectively. From the analysis, it has been established that propagation length is increasing with the increase 

in permittivity of high index region, as depicted in Fig. 9a. For the waveguide widths of 100 𝑛𝑚, 200 𝑛𝑚, and 300 𝑛𝑚,the achieved values of the propagation lengths are, > 40 µ𝑚, > 95 µ𝑚, and > 143 µ𝑚, respectively. Figure 

9b, shows that the normalized effective mode area increases with the increase in permittivity of high index region. 

Moreover, it has been observed that for 𝑤 = 300 𝑛𝑚, the value of  𝐴𝑒𝑓𝑓/𝐴0 is more, as compared to that at 𝑤 = 100 𝑛𝑚, and 200 𝑛𝑚.  

   
(a)                                                                                                                       (b) 

Fig. 9 Comparison of a Propagation length b Normalized effective mode area with respect to the permittivity of high-index region 

 

 

  
(a)                                                                                                            (b) 

Fig. 10 Comparison of a Propagation length b Normalized effective mode area with respect to the permittivity of low-index region 
 

The analysis has been further extended by investigating the impact of change in the permittivity of low-index region. 

Here, the permittivity of low-index region has been varied from 1 to 4 and the value of w, h𝑚,  h𝑡𝑟 + h𝑡, h𝑔, and α 
have been fixed at 200 𝑛𝑚, 100 𝑛𝑚, 300 𝑛𝑚, 20 𝑛𝑚, and 45𝑜.  Figure 10a presents the variations in propagation 
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length in terms the permittivity of low-index region; where the decrease in propagation length has been observed with 

the increasing value of low-index permittivity. However, the variations in the normalized effective mode area is 

usually showing first decreasing nature and then, it increases with the increasing values of low-index permittivity, 

depicted in Fig 10b. 

 , 

G. Effect of Separation Distance on the Coupling Length of WSHPW 

 

In the subsection, the coupling phenomena between the two identically parallel WSHPWs have been explored to 

achieve the compact PICs. Figure 11 shows the cross-sectional view of two parallel WSHPWs, with a separation 

distance (𝐷) between them. The coupling length (𝐿𝑐) can be defined as the distance at which the power is completely 

transferred from one WSHPW to the nearby waveguide and can be expressed as [9],  𝐿𝑐 =  𝜋 |𝛽𝑜 − 𝛽𝑒|                                                                                                    (5) 

 

where, 𝛽𝑜 and 𝛽𝑒  are the propagation constants of the odd and even super-modes of the system of the parallel 

WSHPWs. The investigations of coupling length have been done by varying the separation distance (𝐷) from 250 𝑛𝑚 

to 1000 𝑛𝑚 with h𝑚 = 100 𝑛𝑚. Figure 12a shows the relationship between 𝐿𝑐 and 𝐷, for different combinations of 𝑤 and ℎ𝑔, at α = 45𝑜. From the figure, it is clear that 𝐿𝑐  increases exponentially with the separation distance and has 

been achieved as, >  400 µ𝑚 for 𝑤 = 50 𝑛𝑚 and ℎ𝑔 = 5 𝑛𝑚. Further, Fig. 12b presents the same relationship 

between 𝐿𝑐 and 𝐷 at α = 20𝑜. In this case also, 𝐿𝑐 increases exponentially with 𝐷 and coupling length, > 850 µ𝑚, 

has been achieved with 𝑤 = 200 𝑛𝑚 and ℎ𝑔 = 5 𝑛𝑚. Moreover, on decreasing 𝐷 up to 100 𝑛𝑚, the values of 𝐿𝑐 

have been achieved as 6.10 µm (α = 45𝑜)  and  6.95 µm  (α = 20𝑜), which are quite better than that reported in [9], 

where it has been reported as, > 2.8 µ𝑚, at 𝑤 =  50 𝑛𝑚 and ℎ𝑔 = 5 𝑛𝑚. This essentially helps to realize very 

compact photonic devices with smaller crosstalk compared to reported in [9].  

 

 
 

Fig. 11 Cross-sectional view of two identically parallel WSHPWs with a separation distance of 𝐷 (𝑛𝑚) 
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(a)                                                                                                                (b) 

Fig. 12 Variations in Coupling length with respect to the separation distance, for a α = 45𝑜  b α = 20𝑜 

IV. Discussion 

In this paper, the fundamental mode analysis of the guided hybrid modes in metal-cap WSHPW have been done to 

achieve the subwavelength light confinement along with significantly smaller propagation loss. The investigations 

have been done over the finite element method based simulation platform, by varying the waveguide width  (𝑤), 

wedge angle (α), and heights of different regions of WSHPW (i.e., ℎ𝑚, ℎ𝑡 , and ℎ𝑔), at the wavelength of 1550 nm. 

The analysis has been further extended by varying the permittivity of high- and low-index regions, and for different 

metal, such as Ag, Au, and Al.  However, for the better performance of the optical waveguides, it should have smaller 

propagation loss as well as smaller normalized effective mode area. Therefore, achieving the trade-off between 

propagation length and normalized effective mode area has a vital role for the efficient design of HPWs for some 

specific applications. From the simulation, the real part of effective index, propagation length, and normalized 

effective mode area, of the presented WSHPW have been achieved respectively as,  2.24, 188.2 µ𝑚, and ~ 0.052, at  𝑤 =  200 𝑛𝑚 , ℎ𝑚 = 100 𝑛𝑚, ℎ𝑔 = 20 𝑛𝑚, ℎ𝑡𝑟 = 300 𝑛𝑚 , ℎ𝑡 = 100 and 𝛼 = 45𝑜. This results quite better than 

that reported in [ 9, 12]. Moreover, the coupling length of the two identical parallel WSHPWs have been achieved as 6.1 µm, and 6.95 µ𝑚,  at 𝐷 =  100 𝑛𝑚,   𝑤 =  50 𝑛𝑚, and ℎ𝑔 = 5 𝑛𝑚, which are quite better than that reported in 

[9]. It shows that the small crosstalk between two adjacent waveguides has been achieved for same separation distance, 

as the higher coupling length leads to lower crosstalk. Table 1 shows the comparison of the current work with the 

above-mentioned reported work, in term of Re(η𝑒𝑓𝑓),  𝐿𝑃,  𝐴𝑒𝑓𝑓/𝐴0 , and 𝐿𝐶. Further, the coupling length has been 

analyzed for different waveguide widths, gaps, and wedge angles, which has been achieved as, >  850 µ𝑚, in the 

current work. In Fig. 13, the performance of fundamental mode of WSHPW has been investigated, by varying the 

waveguide width, at ℎ𝑚 = 200 𝑛𝑚, ℎ𝑡𝑟 + ℎ𝑡 = 300 𝑛𝑚, and ℎ𝑔 = 20 𝑛𝑚.  The propagation loss of WSHPW is 

increasing for 𝑤 <  160 𝑛𝑚, and after,  𝑤 >  160,  the propagation loss is reduced. The propagation length of 

WSHPW has been achieved better than that reported in [12, 19, 21.]. Hence, the WSHPW is beneficial for sub-

wavelength light confinement with smaller propagation loss. Moreover, PTFE based metal-cap WSHPW can provide 

the efficient monolithic integration with active devices, such as photodetector, optical amplifier, optical source, etc.  
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Fig. 13 Comparison of the propagation length with respect to waveguide width, with different hybrid structures [12, 19, 21] 

 
Table 1 Comparison of current work with literature in term of Re(η𝑒𝑓𝑓),  𝐿𝑃,  𝐴𝑒𝑓𝑓/𝐴0 , and 𝐿𝐶 

Parameters 𝑹𝒆(𝜼𝒆𝒇𝒇) 𝑳𝒑 (µm) (𝑨𝒆𝒇𝒇/𝑨𝟎) Coupling Length 𝑳𝒄 (µm) 

Current Work 

(WSHPW) 

2.24 

 

188.2 

 

0.059 6.10    (α = 45𝑜) 

6.95    (α = 20𝑜) 

Ref. [12] 2.09 145.3 0.054 -- 

Ref. [12] 

(Case I) 

2.25 106.3 0.051 -- 

Ref. [12] 

(Case II) 

2.17 119.8 0.059  

-- 

Ref. [12] 

(Case III) 

2.23 109.2 0.065 -- 

Ref. [9] 2.38 77.1 0.076 2.38 

 

V. Conclusion 

In this paper, the analysis of metal-cap wedge shape hybrid plasmonic waveguide has been presented, in order to 

achieve the subwavelength light confinement along with the larger propagation length. The fundamental hybrid mode 

profile has been investigated using the FEM based approach, by varying the different dimensions of the waveguide 

structure, at the wavelength of 1550 nm. In the current work, the propagation length (𝐿𝑝) of >  300 𝜇𝑚 has been 

achieved, at h𝑔 = 20 𝑛𝑚, and 𝑤 = 200 𝑛𝑚 for h𝑡 > 350 𝑛𝑚, which is quite better than the recent literatures. 

However, in order to realize the high photonic integration over the PICs, the crosstalk analysis has established the 

coupling length (𝐿𝑐) of the order of 6.10 µ𝑚 (α = 45𝑜) and 6.95 µ𝑚 (α = 20𝑜), at the separation distance of 100 𝑛𝑚, 

that are quite improved values, at 𝑤 = 50 𝑛𝑚 and ℎ𝑔 = 5 𝑛𝑚. This helps to fabricate the very compact photonic 

devices at smaller crosstalk. Further, the PTFE based metal-cap WSHPW structure can be beneficial to realize its 

efficient monolithic integration with the active devices, such as optical source, optical amplifier, etc. 
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Figures

Figure 1

Cross-sectional view of metal-cap wedge shape hybrid plasmonic waveguide

Figure 2

Electric �eld distributions b their corresponding electric �eld pro�le, in y-axis direction, for WSHPW with
htr+ht =300 nm, hg=20 nm, hm=100 nm, and w=200 nm



Figure 3

Comparison of propagation length between the current work and Ref. [12], for htr+ht=300 nm, w = 200 nm

Figure 4

Comparison of a Real part of effective index b Propagation length c Normalized effective mode area,
between the current work and Ref. [12], with respect to waveguide width



Figure 5

Comparison of a Propagation length b Normalized effective mode area, with respect to waveguide width

Figure 6

Variations in Propagation length for a hg=20 nm b hg=5 nm, with respect to the wedge angle and its
comparison with [12]



Figure 7

Variations in a Propagation length b Normalized Effective mode area with respect to ht and its
comparison with [12]

Figure 8

Comparison of a Propagation length b Normalized effective mode area for different metals (i.e., Ag, Au,
Al)

Figure 9

Comparison of a Propagation length b Normalized effective mode area with respect to the permittivity of
high-index region



Figure 10

Comparison of a Propagation length b Normalized effective mode area with respect to the permittivity of
low-index region

Figure 11

Cross-sectional view of two identically parallel WSHPWs with a separation distance of D (nm)



Figure 12

Variations in Coupling length with respect to the separation distance, for a α=45^o b α=20o

Figure 13

Comparison of the propagation length with respect to waveguide width, with different hybrid structures
[12, 19, 21]


